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Table !• 



I. Behaviour of Inorganic Bodies at a high tern 



1. Are readily volatile 
when heated on char^ 
coal or platinum.' 
foil, or in a dry test* 
tube : 



2. Meltf without vola» 
tilidng or changing 
colour : 



3. Detonate when heated 
on charcoal: 



4. Are infusible or diffi- 
cultly fusible^ and 
do not change colour: 



Ammonium-, Mercury-, some Arsenic-, and Tt 
the air. Ail organic compounds are decomposed bj 



Most Alkaline, and some Alkaline-earthy, salts. 
Zeolites). Borates and Alnm swell up : Chloric 
muth. Zinc, Tin, are easily fusible before the blow 



Nitrates, Chlorates, Ferchlorates, Bromates 



The oxides and salts of the Earthy and Alkaline-eai 
the earths have no alkaline reaction. Silica and mai 
Iridium, Falladinm, Bhodium, are infusible 



Become of a darker 
colour on heating: 



Oxides and Salts of Zinc (with greenish-jellow i 
Bismuth, Mercury (and Chromates), become 



Colour the outer blow- 
pipe flame when 
heated on platinum- 
wire (if in the form 
of metallic salts, on 
charcoal) : 



Tellow. 
Sodium. 



Violet. 



(bluish) CsBsium, 

Potassium, 
(reddish) Babidium. 
(except the borate and phosphate). 



Crimsi 

Lithioxx 
StroxLtii 



* Especially after moistening with hydrochloric add or additic 
t Especially on addition of chloride of silver. t Metallic ph( 



7. Moistenedwithcobalt- 
solution^and strongly 
heated on charcoal, 
give: 



Blue Glass. 



Blue infusible mass. 



(Phosphates, 



Alkalme ( Borates, 
[ Silicates. 



AlnTnininm, and many of 

its compounds, 
Earthy Phosphates, 
Silica, and many Silicates, 
Earths. 



Zinc 
Tita 
Bint 
Ant 
Nio1 



8. Heated on charcoal 
with carbonate of 
sodium (or carbonate 
of sodium and cy- 
anide of potassium) 
in the inner Jlame, 
give: 



Garlic smell. 

Most Arsenio 
compounds. 



Alkaline Sulphide * 
(Selenide or Telluride). 

/ ^"^ \ 

All compounds containing 

Sulphur (Selenium or 

Tellurium). 



Malleable sh 



* The mass, when moistened, stains metallic silver black, and 
when heated with acids evolves hydrosnlphuric (hydroselenic 
or hydrotellnric) acid. 



Tin, 
Silver, . 
Copper, 
Gold, y 



Heated in a glass 
tube open at both 
ends, held obliquely, 
give : 



Gases having a peculiar smell. Metallic su 



Sulphides (of burning sulphur). 

Selenides (of horse-radish). 

Arsenides (of garlic). 

Many Ammoniacal compounds (of ammonia). 

Fluorides (on addition of microcosmic salt). 



Many Arsei 
Mercury cc 
(especially 
tion of carl 
sodium). 



/ 



y^- Jh contact with zinc, 

antf Aydrochioric 

(or su/jfAuHc) acid, j 

££^!f^:itAe solution : \\ 



Violet or blue. 



Blue. 



Blue 



Titanic Acid. 






Preliminary Examination, 

lire, either alone, or in presence of reducing agents. 



1 compounds : Sulplmr and its acids : Water, &c. Carbon burns when heated in 
ad are generally blackened, owing to the separation of carbon. « 



retain an alkaline reaction after strong ignition in the inner flame. Many SilloatOS (e, g, 
odium decrepitates. MetaUic Antimony, Lead, Cadmium, TeUnrinm, Bis- 
Opper, Silver, Gk>ld, with difficulty. The six first metals give an incrustation of oxide. 



tes, &c. 



ietals. When ignited they become vividly incandescent, with a white light : after ignition 
ates. MetaUio Iron, Nickel, Cobalt, Molybdenum, Wolfram, Platinum, 
le blowpipe. 



;ence), Tin, Titanium, Niobium, Antimony, become yellow: those of Lead, 



Beddish-yellow. Yellow-green. 



Green. 



Blue. 



Calcium.* 



Barium,* 
IColybdenum. 



de of silver: the coloration is transitory. 

id borates, after mi^istening with solpburio acid. 



Caprio oxide^f 
Phosphoric acid,t 
Boric acid,:|: 
Tellarous add, 
Thallium. 



Arsenic, 
Antimony, 
Lead, 
Selenium, 
Cupric chloride.f 



reen mass. 



Plesh-red mass. Brown or brick-red mass. Grey mass. 



rd.. }yellowish.green. ^^'^y^ 
Tin, bluish-green. 



Baryta. 



Oluoina, 

Lime, 

Strontia. 



r-green. 



dthout Incrustation. 



68. Grey infusible powder. 



Nickel, Wolfram, 

Cobalt, Platinum, 

Iron, Iridium. 

Molybdenum, 



Metal, with Incrustation. 

/ "^^^ s 

Antimony, 
M. brittle. Inc. white. 
Bismuth, 
M. brittle. Inc. brown-yellow. 
Lead, 
M. malleable. Inc. yellow. 

Thallium, 
M. malleable. Inc. brown. 



Incrustation, 
without Metjd. 



Zinc, white, not volatile, 

in outer flame. 
Cadmium, brown-red. 
Tellurium, white. 



White sublimate. Brown sublimate. Pused sublimate. Water. 

Arsenides, crystalline. 
Antimonides, ^ . ., , 
Tellurides, 'j^^^We. 
Many Ammonium-salts. 



Thallium-salts. 



Higher Sulphides All Hydrated 

(brown-yellow). salts. 

Selenides and Selenium 
(blackish-red). 

Sulphide of Arsenic. 



\ 



ing to green and dark-brown. Blue, changm^to ^tyxV-^^xor^^. 

^ ^ -'"'»■ ■ \ 

Molybdio acid. '^v^fs^A ^!S^Si^ 






^ Table II. 

II. Behaviour of Metallic Oxides before 

A dear bead is fonned by fasing the flax on a loop made at the end of a platinum- wire : the bead 

it is sometimes advisable to employ charcoal instead of platinum -wire. The colour of th< 

h. signifies hot ; c cold ; supers, that the bead is supersatu 



Colour of the 
Bead. 



Colourless, 



With Microcosmic Salt. 



In outer or oxidising Flame. 



Silica swims undissolved. Alumina, Stan^ 
nic oxide. All Alkaline earths, and 
Earths (supers, opaque). Tanlalic, Nio- 
bic. Titanic, Tungstic anhydrides; Zinc-, 
Cadmium-f Lead-, Bismuth-, Antimonic 
oxides not sat : (supers, yellowish). 



In inner or reduci 



Silica swims undissolved. 
alkaline earths and earths 
Geric, Bidymic, Manganic 



Yellow or brownish 



h. not sat Ferric and Ceric oxides, h. Va- 
nadic anhyd., Uranic oxide. Oxide of 
Silver, c Nickel-oxide. 



h. Ferric oxide (reddish), 



Bed. 



h. Nicksl-oxide. h. supers. Ferric and 
Geric oxides. 



h. Ferric oxide, c. Titan 
anhyd, containing iron ( 
pric oxide. 



Violet orAmtthyst. 



Manganic and Bidymic oxides. 



c Titanic anhyd, Niobi 
sat). 



Blue. 



Cobalt-oxide, c. Cupric oxide. 



Cobalt-oxide. Tungstic a 
anhyd. (supers.) 



Green. 



h. Capric oxide, Molybdic anhyd., Ferric 
oxide containing cobalt or copper, c Chro- 
mic and Uranic oxides. 



c. Chromic and Uranic i 
and Molybdic anhyd. 



I 



Orey and Opaque. 



c. Oxides of Silver, Zinc, C 
Bismuth, Antimony: Telli 



Preliminary Examination, 

vpipe with Microcosmic Salt and Borax. 

the finely-powdered substance under examination, and again heated. In heating in the inner flamei 
tly varies with its temperature, and with the quantity of oxide employ ed» In this table 
de ; not sat. that it is not completely saturated with oxide. 





With Borax. 




In outer or oxidising Flame. 


In inner or reducing Plume. 


All 
le). 
les. 


Silica, Jiumina, Stannic oxide, — Supers, 
opaque : Alkaline earths and Earth, Ox- 
ide of silver, Tantalw, NioLie, Tellurous 
anhydrides, — Not sat : Titanic, Tungstic, 
Molyhdic anhydrides. Zinc-, Cadmium-, 
Lead-, Bismuth, Antimonic oxides. 


Silica, Alumina, Stannic oxide — Supers, 
opaque : Alkaline earths and Earths, Lan- 
thanic and Ceric oxides, Tantalic anhyd. 
Manganic and Didymic oxide*, h. Cu^ 
prie oxide. 


d. 


h. Vanadic anhyd, h. not sat. Ferric and 
TJranic oxides, h. supers. Lead-, Bismuth-, 
and Antimonic oxides. 


h, Tungstic anhyd.. Titanic, Fanadic, and 
Molybdic anhyd, (brownish.) 


Hie 


h. Ceric and Ferric oxides, c. Nickel- 
oxide (red-brown), h. supers. Chromic 
oxide. 


c. Cupric Oxide (supers, opaque). 


not 


Manganic and Bldymic oxides. Nickel- 
oxide containing cobalt. 




ous 


Cobalt-oxide, c. Cupric oxide. 


Cobalt-oxide. 


'.die 


c. Chromic oxide, Vanadic anhyd. h. Cu- 
pric oxide, Ferric oxide containing copper 
or cobalt. 


Ferric, Uranic, Chromic oxides, a Va- 
nadic anhyd. 


adj 




Nickel' oxide, and (supers.) Niobous anhyd. 



\ 



Table ID. 

Ill, Conversion of Insoluble 

When a finely powdered substance is neither dissolyed by successive treatment with water ^ dilute 
a manner as to give an idea of the nature of the insoluble substance, it must be rendered soluble^ : 
many cases on the results of the preliminary examination, which must therefore be performed wit 
compound is finely powdered, and fused with 4 times its weight of carbonates of potassium and so 
contain arsenic or any eanl^ reducible metal (antimony, tm, lead, bismuth, &c.), the fusion mus 



1. Sulphates 

(of Barium, Strontium, Lead). 



Heated on charcoal with carbonate of 
sodium, they give an alkaline sulphide. 

Sulphates of barium and strontium 
are rendered soluble by fusion with 
4 pts. alkaline carbonate. After treat- 
ment with water, the solution con- 
tains the acid, the residue the base^ 
which is now soluble in hydrochloric 
acid. — Sulphate of lead gives a me- 
tallic globule when heated with car- 
bonate of sodium, is blackened by sul- 
phide of ammonium, and is soluble in 
basic tartrate of ammonium. — Sulphate 
of calcium is slightly soluble in water. 



2. Silica and Silicates. 



Swim undissolved in a bead of 
microcosmic salt. 

Those silicates which are not 
decomposed by hydrochloric acid are 
rendered soluble by fusion with 
3 to 4 pts. alkaline carbonate (or 
hydrate of barium), treatment with 
hydrochloric acid, and separation of 
silica by evaporation with free hydro- 
chloric acid: or by hydrofluoric acid 
(p. 54 ). In both cases the substance 
must be very finely powdered. 



3 

(1 



When treatei 
evolve hydrqfi 
glass: if silica 
is evolved, w 
iontact with w 

Rendered s< 
alkaline carboi 
if necessary), i 
The solution c( 
the baseSf whi 
chloric acid. 



6. Binoxide of Tin, or Anti- 
monio Anhydride. 



7. Tantalic, Tnngstic, Ti- 
tanic, Niobons Anhy- 
drides. 



8. Chloride 
Silver, 
lybder 



Heated on charcoal with carbonate of 
sodium, they give a metallic globule 
(soft or brittle): are coloured by sul- 
phide of ammonium. 

Rendered soluble by fusion with 
3 to 4 pts. alkaline carbonate. Are 
soluble in excess of yellow sulphide of 
ammonium. 



/ 



Give with microcosmic salt a 
bltt€y violet f or (in presence of iron) 
a blood-red bead ; with zinc and 
hydrochloric acid, a coloured solu- 
tion. 

Rendered soluble by fusion with 
6 pts. acid sulphate of potassium (or 
alkaline carbonate) (pp. 106, 171). 



Chloride^ b 
give metallic 
bonate of sod 
treated with zi 

Sulphide Oj 
with carbonate 
it gives sulpl 
molybdenum ^ 
with microcos 
converted into 
gives a blue 
chloric acid. 



« Treatment of Insoluble Substances. 

ices into Soluble Compounds. 

tied hydrochloric or nitric acid, or aqua-regiay nor decomposed or attacked bj the acidt in roch 
its constituent elements may be determined in the wet way. The method of doing this depends in 
case no distinct indication of the treatment to be adopted is obtained, according to this table, the 
led mass exhausted with water, and the residue treated with hydrochloric acid. If the oompoimd 
ted in a platinum crucible. 



38. 



t sulphuric acid, 

which corrodes 

[uoride of silicon 

. precipitate on 

ion with 4 pts. 
ddition of silica 
with hot water. 
ndSy the residue 
)luble in hydro- 



4. Alnmlna or Almninates. 



Giye a blue infusible mass when 
heated with cobalt-sdution. 

Rendered soluble by fusion with 
3 to 4 pts. acid sulphate of potas- 
sium (or alkaline carbonate) and 
treatment with water or hydro- 
chloric acid. 



5. Chromio Oxide. 

(Chrome-iron-ore.) 



Gives a green bead in both flames 
with borax or microcosmic salt 

Rendered soluble by fusion with acid 
sulphate of potassium, or with alkaline 
carbonate and nitre. Chrome-iron-ore, 
by successive fusion with both fluxes 
(p. 176). 



e, Iodide of 
Les of Mo- 
1, &o. 



iodide of niter 
fused with car- 
lime ; or when 
sulphuric acid, 
metallic globule 
with nitric acid 
Sulphide of 
vish-green bead 
' roasting it is 
thydride, which 
inc and hydro- 



9. Metals. 

(Osmide of Iridium, or residues 
of Platinum-ores.) 



The insoluble substance has me- 
tallic lustre, or is a black powder, 
not affected by ignition. 

Rendered soluble by igniting the 
powder, mixed with chloride of 
sodium, in a stream of chlorine : or 
by fusion with potash and chlorate 
of potassium. 



10. Carbon. 



The insoluble substance is black (as 
diamond, colourless) ; and disappears 
when strongly ignited in an open pla- 
tinum crucible, or before the blowpipe. 

Detonates when fused with nitre, 
forming carbonate of potassium : yields 
carbonic anhydride when ignited with 
oxide of copper. 



^ 



Table IT. 

lY. BehaTiour of Metallic Solutions witli Hydrochloric Ajcid, ! 

Ammonium, sm 



Hydrochloric 
AcicL 



B[ydro8n^ihixric Add. 



Melali -mhxh are pre- Metals which are precipitated as lolphides fram their 
cipitated as chlorides hydxxxhiork acid sol&tua by AfdrctrnJ^Miic add. 
itam their neutral cr 
acid solationt br if- , 
dneUoric add* 



Mciala whoae nlti 
are paztlj iv- 
AMe^inanaeid 
■olntion bj ]^ 
drotmlpk. add^ 
with aepaiatioii 
ef anlphnr,* 



Lead (partIaIlT\ vhite^ 
crritalliiie, soInUe in , 
( aindi hot water, pre- 
dicated thence bj : 
ioIphiExic add. 

filw, white, cnrdj« 
ioloble in ammonia, 
predpit&ted thence by 
nifincadd. 

■bcuj ■■ rabnit. i 
white, findr-diride-i, 
by Mscf . 



SoiM6,'(f tM fuljiiide cf iMK^Mi^ im tmlpkide 
aaaoMiMa, eft 



. MM protonlt 
(partially), white, 
oyBlalliBe, soInbLe in 
mneh hoc water, not 
fKeci^H ta ted by ibI- 
phnneadd. 



ArKBie (yellow). 
Antimony (ons^\ 
Tin* (brown or Telljw> 

T. " (««>=- ' 

^^^ hn,™). : 

[Iridinm] . 

Kolybdeniim + (b^o^i™^- 
[Seleninm] (red-yeHaw). 
[TdlnziBm] (black}. 



(bhck). 



XezcBxy* 

Lendt 

Coppw 

fliiinimi (yeCow}. 

BimnXh (brewn). 

[PiIMintJi^ 

[Onina] ,(bJaA 

[SkodivM] bnwn). 

[Xothauxm] 



Im as Anie 



The 



The 

cooei greoDy and 
containaa dizo- 
mieak. 






a prea^isue x^ pre* 



^ aalsbhek^cs- 




of scbl : cr >:€ ej- 
aad ^^rraej aw iar; 

<r of the— am igmc t t ^l:>g. . 
an KiiEsift is. mis^rs^it X 
tmmaaaoL. I* ;nMen»of 



Fn« rh« so^stMx of SoS ia 
Kil^-Liie cf sn-ThTgiiaa;, kjw 
dniehl usil pnKqxttus jtt- ; 
Sow ScS^. 

j ^LaaiisoD]T|ndp.«aai. 
-^Tw idpfciaM of ITa^inni I picta^ fronT^ttt, not too 
sad raadiHsI are xkk pr»- : seU, ■^■*Trt*-T**. 
epL c* hT-irocclph. adi firvc; 

MX sadK.^ac<: : ^G:th*Tar« ,* The lolpliite of aO tfas 
ThK tb«r icl^a-a in wz^ p>afiuam-awcsls i 
pt>i^ cf asaociss is <k- , uXAi v«n^ ib«<|'. 
foc;* leii ty sa soJL 




ioi 



T^Mt meiO^ ^ D rXwrA ^aaaaa V \^aft-^«t^ tmbo^ 



Examination for Ifetah, 

>siilpliurio Acid, Sulphide of Ammonium, and Carbonate of 
ely applied. 



Sulphide of Ammonium 


■ 


Carbonate of Ammonium. 




ch are precipitated by sulphide ofammotdnm^ in prewDce 


Metals which are precipitated neither 




of thioride of mnmomum. 




by h^drosutphiiriG acid nor by 




ition ahould bii tieuiraljB«d whh ammonta before a^dmg 


sulphide of ammonium. Car- 




Bulpbide of ammoiiiiiiD.) 




bonate ofammQnium^ in prasenw 










of chloride of ammouium, 




nhid^: 


al«o precip. by ftmtnonb. 


As Salts: 
alio prei^ bj btmn. 


precipitates * 


does not 
precip. 




\ 


ju Boluble in potnsn. 


a, id presence of 


Barium ^ ^ 


a. pfeci pi table 




^ (black). 


AlTiromium * \ (cobur- 
[Glueinmii] ' Jess). 


phnsphoric acid. 


StrontiUtti ^IH 


by phosphate 




MAglieflitlm(cr7a- 


Caldttm J w 


of sodium (and 






ChromiTim fgreen)* 


tidline). 


aa carbosatQ*, 


ammonia). 




lack'brown). 


[Tantalum] t. 






Mfl^eBium 




(fle^h-red). 


[Niobiam], 


b. ju pr(;aence of 




(crystalline). 




tej. 




phoapboric, ox- 










b- insd. m potash- 


alii;^ boric or hj- 




b, not precip. by 






[Ceriom] ^ 




drtifliiaric acid» 




phosphate of 






[lantbanum] 


1 


Calcium* ^ 




aoditiDip 






[DidymiiimJ 


Straatiiim r^ 




[Caesium]. 






[Tttriumj 


J 


Barium j >t 




[Eubidium], 






[Erbium] \ ^ 


as pbosphatefl, ox- 




Potassium. 






[Terbium] 


1 


a lutes, boxatefi, 




Sodium. 






[ZlTDoniimiJ 
[Th&rium] 
[Titanium] > 


^ 


or fluorides. 




[Lithium].* 
Ammanium, 




of nickel mm] 
loultlv Hotut^le 
lute hydrorh], 
le of lUc'kel ii 
1 yeUaw BtiU 




ulqm. foinUflff 












11* 

f itnc In in- 


• Irv iimacnco of phofitiborle 

acid alu ^i lui u] ii U utso r»r&rip. 


• Thffl ftlkaliriQ 
earthy p]ioa|>>]at«a 
aro liisol. in putcwh, 
id. in acetic acid. 
Oialateorcalcfamift 
LuoL in acetic acid. 


* The rr^seipitfttlon 

iBnot™rfit)ltt*iutlusa 
ammonia is added. 
ma tiio whole lieated 
to bo^lluR. 


• A concantnited 
*c]liJt3on of ft Ji- 
tbUim-palt is pro- 
cip.bypliraph.sod. 
oti heating. 












S^ - 


3> 



H be sought for except in special cases. 



Table V. 



V. Precipitate produced by Hydi 



The solution should always be acidulated with hydrochloric acid: a white precip. indicates Silver 
nitric acid, it should be expelled by evaporation to dryness (latterly in water-bath) ; the residue 
then acidulated with hydrochl. acid. The precip. produced by hydrosulph. acid is thoroughly was 
filtered from the residue (if any), and the filtrate mixed with hydrochl. (or dilute sulphuric) acid, 
it proves that sulph. amm. has dissolved something. In the latter case, the whole of the precip. by 
precip. formed by hydrochl. acid in the sulph. amm. solution, as in A. 



A. Portion solabl 



The Precipitate is yellow (Arsenic, Tin), or orange-n 
Boiled with a concentrated solution of acid sulphite of potassium {or ses 



Filtrate. 
Sulphide of Arsenic (a little sulphide of tin). 
Precipitate by dilute hydrochl. acid, dissolve the precip. in 
aqua-regia, and test the solution for arsenic in Marsh's appa- 
ratus (p. 82). (Arsenic-stains are soluble in hypochlorite of 
sodium, and when dissolved in nitric acid give a yellow or red- 
brown precip. with ammonio-nitrate of silver.) Or fuse the pre- 
cip. with carbonate of sodium and cyanide of potassium, when 
arsenic sublimes, and tin remains behind in metallic state. 



Sulphic 

Dissolve in aqua-regia, and 1 
ratus. (Antimony-stains are ir 
with nitric acid, give no precip. 
tallic powder left in the appan 
in hydrochloric acid, and chlorid 
cates tin. 



B. Portion insolnbl 

If the solution was acidulated with hydrochl. acid in the first instance, this residue can contain r 

looked for in the 

Boil with nitric acid {q 



// 



Besidue may consist of: 



Sulphur. 

Yellow or grey : col- 
lects in globules, in 
which sulphide of mer- 
cury may be enclosed. 



Sulphide of Mercury. 

Black, curdy. Dissolve in 
aqua<regia, concentrate by 
evaporation, and add chloride 
of tin : white or grey precip. 
indicates mercury. 



Sulphate of Lead. 
White, finely-divided. 
Soluble in tartrate of 
ammonium, reprecip. 
by sulphuric acid. 



If mercury be found in this residue (the solution having been originally 
acidulated with hydrochl. acid), it must have been as protosalt. 



(If the s 



Precipitate 
Sulphate q 

Soluble in U 
precip. yellow 1 
of potassium. 



jp I. Examination for MetaU* 

ihuric Acid in a warm acid solution. 

try as Subsaliy Lead, or Thallium (to be examined as in Table IV.) If the solution contain free 
'ed in water, and acidulated by hvdrochl. acid : or the solution may be neutralised with ammonia, and 
a portion of it digested with sulphide of ammonium (if copper be present, with sulphide of potassium), 
trecip. thus produced is white and milky, it is only sulphur: if it is curdy and more or less coloured, 
Iph. acid is treated in the same manner : the residue insol. in sulph. amm. examined as in B ; and the 



ilphide of Ammoniam. 



bimonj). 

note of ammonium), 



Idne. 

tiimony and Tin, 

solution for antimony in Marsh's appa- 
ypochlorite of sodium, and when treated 
monio-nitrate of silver.) The black me- 
iparated by levigation, washed, dissolved 
:ury added : a white or grey precip. indi- 



The Precip. is dark-coloured. 



It may contain also : 

Sulphide of copper (traces). 

^y platinum 

„ [iridium^ 

„ gold 

„ [tellurium] 

„ [selenium'] 

„ , molybdenum 

„ wolfram 

„ [vanadium] 



detected by their be- 
haviour to reducing 
y agents, (chloride of tin, 
sulphurous acid, &c.,) 
and by their blowpipe 
reactions. 



ilphide of Ammoniam. 

dphide of silver nor sub-sulphide of mercury, 
of platinum-ore. 

from hydrochloric acid). 



Osmium, Rhodium, and Ruthenium need only be 



Solution may contain : Lead, Bismuth, Copper, Cadmium. 

i brown it probably contains palladium, and will give a black precip. with iodide of potassium.) 
Add dilute sulphuric acid. 



Filtrate: neutralise with ammonia. 



Precipitate {white) 
Hydrate of Bismuth, 

Its solution in as little 
hydrochL acid as possible 
is precip. by water. 



Filtrate may contain : 



Copper, 

The solution is bltie : and 
gives a brown precip. when 
acidulated, and mixed with 
ferrocyanide of potassiunu 



Cadmium : 

If coppet is absent, the solution is co- 
lourless, and gives a yellow precip. with 
hydrosulph. acid. If copper be present. 






Table ITI. 



G 



VI. Precipitate produced by Sulphide of Ai 

If nickel is present, the filtrate is probably brown. The precipitate is thoroughly washed, and transfi 
dissolved in strong hydrochloric acid, with the addition of a little chlorate of potassium. (If iroi 
ascertain whether it is present as a pro to- or sesquisalt.) 



Excess of potaak is added to the solutioii^ i 



The Filtrate may contain * i 



Chromiufn^ Zinc, dlumninwi Fhosphak of Alumim^m, 

Boil with hjpochlonte of sodium, filter, saturate the filtrate with 
^zceu of acetii: acid, and add acetate of \tvA. 



Preeipitats (yellow). 
Chroffmie of lead* ; indirates 
pre&ence cf 

Ol3x(^inlujii» 
Chiomliim is qIbo procipitatcd 
by long boiling of the (green) 
poto&b loltttion. 

Remove lead from titrate by stilpbnric add and alcobd^ add 
eicGBfi of carbonate ofammoniumj and digest for some time : 



Filtrate may csontain ; 

ZifiCi 

Alnminium, 

Phosphate af Aluminiuni^* 

[Qludnuml. 



Precipitate may contain : 
AluMina^ phosphate of 
alummiitm^ 
Difiaolre in nitric acid, add 
mol^bdate of ammomiint, 
and heat: a yellow precip. 
Indicates 

Plioepliorio acid. 
If no phosphate be present, 
the precJp. coneiatjs of 
Almnma. 



Filtrate may contain : 

EmCj [^Gluciimm'J. 

Diride it into two portionB, 

Acidulate the lat with acetic 

acidj add h^dromlph. add: 

a whitiBb precip, indicates 

Boil the 2nd for some time i a 
precip. indicates 

j;&IiidiLiLffl]. 



Cobalij Nickel, Maitgam&Ci L 
Barium^ Strontium^ Calcium 
Magnedu^; and Zincf wit 

Diaiolve the 
jF 

Filtrate may conti 

Co&altt Nickel^ Manganese, (. 

Acidulate slight l^ with acetic a^jji 
Eulph. acid^ and heal 



Precipitate ; 
Sulphide of cobalt^ 
3, nickdi 

Teat by blowpipe for 
Cobalt. 

DisBolve in bydrochh ncidi 
boil with excess of cy-- 
anlde of potassium, add 
potaah^ wlieti cold, and 
saturate with chlorine; 
formation of a black so- 
lution indicateB 
Nickel (p. Ud\ 



Eva] 
re 
w 
a 



BoU 

w 

01 

so 
U 



* To dflted, tnuKB of aZiintiitium In prsMnce df a laroi] finumTit (tftrvjij the 
valphlde ot ammaniiiiii precip. In boHftd at once with potmh^ the flUrwte 
adati^at^ with hydrocbL ocid^ and nQutmUA^d with enrb. a.MiTn^—CArc^um 
Toay be founJ Ih tht> precLp. ot iron in the ftltr^ite, ft'CcatdinK' to lh« reiAtiv^ 
proportion of the hvto metalB {p. iTCi),— tr ma-i^egium he pr«»e9^t bQaidea 
cAt*ottiitim or a/tmiinium, It is always partially pretlj>, by fiminonia or buI- 
plilde of aniTnoniuTn. m a ^^tatiDoua cfiiDpound, iwioi, in potafh i: It is 
sepaiaiod by repcatt^il aolutloii in hydnwhl. acid, niid prccilpitation hf (tm- 

I numia, in presence of eict«9 of chlotriile of aimuonlum. The beat Tvay uf 
BepAmtioff e^Tomium from ahiminium. irot^ and wia{fne*m7n, ia hy fusiCin 
wflh carb. pot. and nilra [p. ITUJ^— Ftjr ne]mr»itiD]rB of pfto»ifkori& acid from 
aiwainitim, seep, fll.— The precip ^ of ehr^tnat^ <j/ lead slijould iil*& he dle- 

*P!/«prf/o jiiiriQ^ddt AQd tested Jot p?u^ptiaHc ^HH hy molybd. anim. 



t ^fie Is not oomiiletely ^epai^te'^ fro 
if fronbQ present, d>i<3 is &lwi^Afo\indh 
and \s preoip4,aa sul phi die with nd^talt an 
oiethod Qf ftftiKLratin); irofi ^m fin?, ai 
Ttick^t atilL CQbaltt is to heat the/^hJljr 
fitctate of aodiunit when the iron i^if pre 
pletely precipitated.— A solution contB 
when minted if'ilh amtnanin and chlor, 
niangaibic hydrate irhen «x[Kisea to ttai 
Uabla to ho found In tho aEunojoLa-pred^ 



L Examination for MetaU, 

um, in presence of chloride of ammonium. 

the filter to a test-tube ; after subsidence, the supernatant liquor is poured ofi^ and the precipitate 
at, the original solution must be tested by sulphocyanate or ferricyanide of potassium (p. 156), to 



le gently heated, and filtered whea cold: 



The Precipitate may contain i 



ium^ [Uramttni^ and tlie mre earthy metals whose hydratca are inioL in potash] ; ^kospk^iies of 
ns^ium : Oxalate and Fluoride of Cakium (alBO AUmiMum and Chromium^ with Iran or 

ecip. ia a little hydmchl. acidf and add atmnnTiia end chloride of ammaaiam: 



with hydro- 



IB, aiid liue 
ilatinum-foil 
d. and nitre: 
IT indJcateB 

il sublttance 
cid HJid bin- 
L: ^purple 
cat«B 

{p. IM). 



ottaahi: hen GO, 

mare aocurat^ 

solutlap with 
uimlt) H cnm- 

u^ly depasLts 



FrecipUate may contain : 
JrQff^ Thallinm, [ Uraniun^ and the rare earthy metaU] ; phmphaies of 
Barium ^ Strmtium^ Cahittm^ and Magnesium ; o^aiafe and Jtuunde of 
Calcium : (alio Aluminium^ Chromium^ and Mungane^e). 

Digest the precip* with a concent, solution of carbonate of ammoniinn ; ^ 



Mesidite may con tarn : 

L'oi$f ThaUium ; phosphates of Barium^ Stron- 
tium ^ Cal^UMf and Magnesium; Oxalate and 
fluoride of Calcium. 

Dis&slva in as little hydrochl, acid ba posaible, and 
teit for each conBtUnent in a separate portion, as 
fol1{}wa '. 

a. For iroit, by aulpbocjanate or fem}cyanide of 

potassium, 
h. For ihatlium. Boil with bisulphite of sodiura, 

and add iodide of potassium, 
c* Yqi barium ax\^ sfrontinm, by sulphate of calci um. 

d. Far milgMHHI^. Add acetate of Bodium, and then 
ferric chloride till a red colour IB produced,^ heat Ui 
boiling, filter, precipitate filtiatawilh carb, amin., 
and test with phosphate of ^lum, 

e. ForpAosp/toric aoid^ by moly b date o f ammon lu m. 

f. For OTalio acid. Acetate of Bodium precipi, 
whito oxalate of calcium, ingoL in acetic acid, 
couTertcd by ignition into carbonate. § 

g. For fuorinff^ with the original eubBtancef as at 



.46. 



Solution may contain i 
{^Uranium S\ \\ 
l^Cerium.^ 
[Lafifhannm.] 
[Did^mium.^ 
[TUrium.^ 
[Thon^m'^ 
[Zirconium.] 



1 



J *n]la ii ohIt 
the prss4tic» of 
oietai» Is fluipected, 



neceBBiurf when 
thfi rare earthy 



|i If ur*inittm in pnBent, tlie 
Bolatlou^ vrYi^n n«utrallBed biy hy- 
drochl. acid, (Fives n bro^T) irreclp. 
with furroryuiLldty of pota^um, 
Urtmijim 1ft s,ho pre^ip. hy billing 
tiie curb, tmini. solution. 

1 Tlie*e nietnls martlF fimn 
dS JllcuUl^' AOlubIti iloablff m^ta with 



^ Ifphimtli. acid, an J iron, are pr«Rent» acetate of todiani throwi down 9. ^tiH^wUh floccoJeut or 
^elatlnoiu ^irvMiiJ. of fenic phos[tiiBte« In UM caws the tji-CTefldeof oxa^ia aeid n&ust he jjroved 
either Tj^ irniltint^the prKlp.T.ur as foUowa:- Without EiHldbi^acet.AOd.TeiuovL'' hurluni, itriKnluui, 
(Uid ^leiuiu by aulpl^urlc Acid Bnd alcnlioU filter^ boll aff a]:t^(thol It^aui flhrate, precip. iron by um- 
iiTDEitiLi flttt>r, ^iid jiiJd suipb^tti or ulcaum to Ultrate: a wbiUi precjp.^ lUfioL in acet. Acid, boU tu 
h^drQchl, Bi>jdt Indicated o^nlic t^deL 



Tables TH. and Till. 

VII. Precipitate produced by Carbonate of Ami 

This precipitate may consist of carbonates of barium, strontium, and calcium. It is 



Portion I. 


Portion II. 




Add sulphate of calcium. 


Add* dilute sulphuric acid in 
excess, filter, neutralise the fil- 
trate with ammonia, and add 
oxalate of ammonium : 

A white precip. insoL in acetic 
acid, indicates 


8 

Evaporate to dryi 

and set fire to the f 

A 


Immediate precip. indicates 


BariniiL 
Cloudiness after a time : 




I 
If the solution gi\ 


Btrontiaiii. 
Solution remains clear : 


• .... ' — \ 
Caleium. 


• The addition of sulphuric acid is 
unnecessary if barium and stroutiom 
are absent. 


even after long sta 


CaloinnL 


time witlk sulphate 



VIII. Metals which are not precipitated either by hy 

Evaporate a moderate quantity of the solution on platinum-foil : if no residue is le; 

solution ii 



SmaUer Portion. 



Larger 



Addphosphate of ammonium 
and free ammonia : a white 
crystalline precip. indicates 
Kagnesiom. 

The precip. forms very slowly 
if but little magnesium is present. 

(If the precipitation of Group 
III. by carb. amm. was not ef- 
fected at a boiling heat, the ad- 
dition of phosph. amm. produces 
a slight curdy precip. of alkaline- 
earthy phosphate.) 



a. Magnesium is absent. Evaporate to dryness, i 
portion of the residue before the blowpipe : a jfellow 
and lithium may also be present, and should be looked 
residue with a mixture of absolute ether and alcohol, v 
by the crimson flame of the kindled spirit : or boil a ] 
sodium, when the formation of a difficultly soluble salt 
water and add bichloride of platinum and alcohol ; tkyek 
Confirm with acid tartrate of sodium, and distinguish b 

b. Magnesium is present, Evap. to dryness and e 
in water, and add baryta-water to distinct alkaline r« 
filtrate by carb. amm. and ammonia, filter, evap. filtrati 
proceed as in (a). — Or the magnesium may be zemore 
acid by chforide of barium, and of bariimi by sulphuric 
test fixed residue, if any, for potassium and sodimm 1 
with the rest of the filtrate, as in (a). 



III. Examination for Metals. 

JOL presence of chloride of ammonium and free ammonia. 

solved off the filter in as little hydrochloric acid as possible, and the solution divided into 3 portions. 



[I. 


Bemarks. 


'esent, 

residue iu alcohol, filter, 

idicates 


If the original solution contains no metals of Groups I. and II. it may be 
treated at once according to this table, without precipitating by carb. nnim. : 
for the presence of magnesium and the alkaline metals interferes with none 
of these reactions, except that of Portion III. a. 

Barium is best detected in presence of strontium and calcium by means 
of sulphate of strontium, which gives a white precip. with barium-salts. If 
only a trace of barium be present, the precip. does not form at once. Barium 
is separated from strontium by fluosilicic acid, alcohol being added, in which 
fiuosilicate of barium is quite insoluble. 


1 HP- .... ^ 

a 

bsenL 

th sulphate of strontium, 
'68 a cloudiness after a 
ttium is pret»ent. 



? IV. 

.ric acid, sulphide of ammonium, or carbonate of ammonium, 

the solution need not be further examined, except for ammonia : if a residue is left, divide the 
ne much larger than the other. 



Axumoniiim. 



y, to expel ammoniacal salts. Test a 
:er flame indicates Sodium : Potassium 
pe flame through blue glass. Digest the 
hloride of lithium only, to be detected 
tsidue with carbonate and phosphate of 
lul Dissolve the rest of the residue in 
Ltes GaBsium, Bubidiiim, or Potassium. 

by means of the spectroscope. 
1 salts by ignition : dissolve the residue 
»r. Remove excess of baryta from the 
. ignite. If any fixed residue remains, 
of ammonium, the excess of phosphoric 
rap. a portion of filtrate to dryness, and 

with and without blue glass. Confirm 



Ammonia must always be tested for in a fresh portion 
of the original solution^ by heating it in a test-tube with 
lime or potash. The characteristic smell, or the formation 
of white fumes when a glass-rod moistened with dilute 
hydrochl. acid is held to the mouth of the tube, indicates 

Ammonia. 



IX. Behaviour of the most important adds 






iing). vitk Ane ar 



jl ^fiy^ w ^irth sre xiC3it Toltttile or 
cteeampoBed, 



AGBdBwhii 



Xi« £?« or -ngwicr is evolTied. 
S* j> laacksmmr of ibe ndrtrnv. 



A eolmand £bs is 

IZUXtXCTBL 



XoUackei 



1^ t^ncpanaxaxx wixii 1tv> 
■nc i5siitin«c hr insian 'viaii 
mh betmr binwiinie. 
cDJoas skoiuiV-&ai» peen, ater 
additiin: of nuxihicic acid. 
yhBBphmJB. amseied h: nenznu snhmims Ynr 
L Ba^ns&nziiMHiti, chiorule of «nmuminm, 
Knc anniKaiiB : h. «cic aoiminnft br in»- 
iriidatt <c Bminmniim. or ferric ciuaride 
asic asemte of sodiam. 
mBftmriR. bKriuBv-aah imoi. k acids ; sii>> 
liBBttf 7it*icakadinp«iitpiiids wtu^i.tMaiad 
oi. ciisrcaal witL cartioiiiae of andiom. 
•Hkneaifi. i&e tmoftiko'^r : {>arli^«mftIl 
xnkfj. xnatec ol cimsaal wixii carhanax 




Cfclonc. psemdi-TeDnv- ex- 
plosJvF|iaB. C&iaxBasaF^ 
Tnnaat -viisL iwaif m 



■nhrtTig^aBd 




Tici«: aetaioiJas ivhen imkuc ol chamaL 

vc-iii. isu-tiaxBUtE> k modioli*. 
]J^SaD|ra£. dstestnc by b'tfiwitme : ^rns 

6< A cc>i*xar witL aiac snc hrdmctu. acic. 
SSahrBdic. detactfc hr 'iik>Tn>iT>o : jn^w OiMr 

Bb.Lsi. cinaujii^ u .ATYNPfw. vixi sinr anc 

irnOTPca*. anc 
H^Ctamit. efifctnc by Ui^xcikiiip -. rt(2^' 

cfi;azr inu. xim anc r.yihnrii.. aciu. 
^■dzL. Tutte: xawnns or. adJuior. of ierraoK 

scnoaxt : indatt» AAumau vhexi iHaMoc 

"wnti cnsmau. 

- -Ti,,^ ■ .f.a.:ji arid^«i:. nan nan. dM«*tvl h 



•'Witt. 



i'- .z..i. ziJjranv 






Preliminary Examination for Acids, 

ting their salts with concentrated sulphuric acid. 

its volume of concentrated sulphuric acid. In the case of all acids which are either Tolatile without 
s are evolved, the properties of which, in most cases, indicate the nature of the acids present.* 



slatile, or yield volatile products of decompositioii. 



The vapours or gases evolved are colourless. 



be mixture. 
Homposition. 



Decomposed by ignition. 



Without separation of carbon. 



With separation of carbon. 



€ate8 lime-water, 
■ming sulphur ; 
late of potassium 

eristic smell: co« 
sned with a lead- 
gas, which gives 
with ammonia ; 
a white curdy 
ia. 

filings, or ferrous 
:h colour starch- 
ium bltie, 
t on addition of 

Jive light brown 
.% blackening on 

which corrodes 
beated with sul- 
ly evolve gaseous 

gives a white 
«t with a glass- 
Fluosilicates 
^: they evolve 
seated in a pia- 
uric acid. 



Oxalic, evolves carbonic anhydride and 
carbonic oxide : its calcium-salt is in- 
Bol. in acetic acid. 

§Fomuo, evolves pure carbonic oxide, 
which bums with blue flame. 

§ Hydrocyanic, evolves carbonic oxide 
and ammonia. 

Cyanic, evolves carbonic anhyd., together 
with some undecomposed cyanic acid, 
which irritates the eyes. 

Bulpbocyanic, same as hydrocyanic, 
with separation of sulphur. 

Chromic, evolves oxygen; the solution 
becomes brown or green. Green bead 
with microcosmic salt. 

HyposolphuroiiB, evolves solphnrous an- 
hydride and separates sulphur. Its 
alkaline salts are converted into sul- 
phides by heat. The other polytMonic 
acids behave in the same way. 



^ With dUute sulphuric acid, these acids vola- 
tihse untlecompo&ed, at least partially. Ferro- 
aud ferrlci'anides behave like cyanides: they 
are detected in solutions by their reactions with 
terric and ferrous salts. 



Non-volatile organic acids. 



The salts of all these acids blacken when 
heated with strong sulphuric acid, and evolve 
carbonic and sulpnurous anhydrides, and car- 
bonic oxide. 



Tartaric, smell of burnt sugar. Its acid 
potassium-salt is difficultly sol. in 
water : its calcium-salt is soL in cold 
potash, or sal-ammoniac 

Bacemic, calcium-salt insol. in sal-ammo- 
niac 

Citric, with excess of lime-water, gives a 
precip. on boiling, which redissolves 
on cooling. 

Malic, no precip. with lime-water, either 
hot or cold. 

Tannic, a white viscous precip. with 
gelatine: a blue-black precip. with 
ferric salts. 

Gallic, no precip. with gelatine : a dark- 
blue precip. with ferric salts. 

Uric, after evaporation with nitric acid, 
a purple colour with ammonia. 



ite, evolves chlorine and red nitrous fhmes : in presence of a cftromate, ted ^votv«» ^t tV\«t<5(<2Ktvsas\si v>k^V».'»K\,>r- 
rong sulphuric acid. Sulphides often evolve sulphurous axvh^ ^ndie, uciCl «a^»«\a \&\]\\^\^\. . 



^ 



Table X. 

X. Behaviour of the most important 

A. EscamincUionfor adds in soluble compounds. — With an aqueous solution the first step is to 
neutral or slightly alkaline solution, it is generally necessary to begin by removing all the metals oosntik 
alkaline-earthy oxalates, phosphates ^ &c. will be detected. The nature of the metals found will ofta i 
not be looked for in a solution containing barium, nor hydrochloric acid in a solution containing tUfiet, 
see below. When an acid has been added (for neutralisation or solution) of course it is impossible to lit 
sometimes necessary, instead of the reagent indicated in the Table, to use the nitrate of the same tee 
solutions containing lead or silver. These remarks apply also to Table XI., which is a continuation of iii 



Hydrochloric or Nitric Acid 
precipitates: 



from a neutral or slightly alkaline 
solution. 



Chloride (or Nitrate) of 
Barium precipitates : 



from a solution acidulated with 
nitric or hydrochloric acid. 



Chkr 



from a neutral wM^ 
(precip. is soL in MM 



Silieio, gelatinous: in dilute solutions 
only after evaporation : precip. also by 
chloride or carbonate of ammonium. 

Boric, crystalline: from concentrated 
solutions only: green alcohol-flame on 
addition of sulphuric acid. 

Antlmonio, white, sol. in tartaric acid. 

Tnngstio, white, yellow on boiling : blue 
colour with zinc and hydrochl. acid. 

Molybdic, white, sol. in excess of acid : 
blue colour with zinc and hydrochl. 
acid: yellow precip. with phosphate of 
ammonium. 

SulphuTy white or yellowish : from hifpo- 
sulphites with evolution of sulphurous 
anhydride : from poly sulphides, of 
hydrosulphuric acid. 

Iodine, black precip. or brown colora- 
tion: from a solution of an iodide 
containing iodate. 

From an alkaline solution may also be 
precip. oxides and sulphides which are 
sol. in potash, and cyanides and chlorides 
which are soluble in cyanide of potassium. 
If the alkaline solution be saturated with 
hydrosulphuric acid, hydrochl. acid pre- 
cipitates as sulphides those metallic acids 
which form insol. sulphides. 
Of organic adds, benzoic, uric, and 
1 1 tartaric (zA acid tartrate of potassium) are 
M) precip, hj acids from alkaline solutions. 



Solphxiric, white, finely divided. 
(If too much free acid be present, 
chloride or nitrate of barium may be 
precip. : sol. on adding water.) The 
precip. yields an alkaline sulphide 
when heated on charcoal with carb. 
sod. 

Selenio, the same. The precip. heated 
with strong hydrochl. acid evolves 
chlorine, and sulphurous acid pre- 
cips. red selenium from the solution: 
heated on charcoal with carb. sod. 
it gives a smell of horseradish. 

Fln08ilicic,gelatinous,hardly visible : 
decomposed by strong acids. The 
precip. heated alone yields fluoride 
of silicon and fluoride of barium : 
with alkalis, silica and metallic 
fluorides. 



from neutral solutions (precip. 
being sol. in acids) : 



SnlphnroTis, 

Phosphoric, 

Carbonic, 

Silicic, 

Hydroflaoric, 

Oxalic, 

Boric, 

Tartaric, 

Citric, 

Arsenic, 

Arsenioni, 

Chromic, yellow. 



B s 



Fhosphorio, white^ mL 
acid when freshly |Bc 

Arsenic, the aame,il 
ride oi anmu Thta 
solution is predpi k; 
sulph. acid. 

Boric, white, soL in dkl 
not precip. from dilili \ 
Turmeric-paper d]|p< 
solution of the pM] 
drochl. acid is }n\ 
drying. 

Carbonic^ white, siL 
with e£fervescenoe. 

Snlplinrons, whiti^ i 
dilute solutions. Oi 
of chlorine- wattf to 
solution of the pced|> 
of calcium is precip.* 

Tartaric, white, soL 
amm. or potash: Ai 
solution is precip. I^b 

Citric, white, not iuit3 < 
ammonia or lime-wstv 
and the whole boiled. 

Ferrocyanides are |R< 
slowly : yellowish^ "di 
sol. in acetic acid. 



* This reaction is muehsor 
with chloride of bariom. 



acids with reagents in the wet way. 



Examination for Acids* 



est with litmus-paper whether it is acid, neutral, or alkaline. As many acids must be sought for in a 
d in the solution, except the alkaline metals, bj Table IV* : in which process the metallic acids and 
uply the absence of one or more acids, so that they need not be looked for : thus sulphuric acid need 
This is invariably true only m neutral or add solutions : in alkaline solutions there are exceptions: 
for that acid in the solution : a fresh portion of the substance under examination must be taken. It is 
(since nitric acid forms no insoluble salts) : e,g, nitrate must be substituted for chloride of barium for 
. table. 



Lde of Galoimn preoipitates : 



■>n only 
io acid). 



from a neutral or acetic acid solution 
(precip. is insol. in acetic acid) . 



Sulphate (or Chloride) of 
Magnesium precipitates : 



in presence of chloride of ammonium 
and free ammonia. 



in acetic 
ip. 

in chlo- 
ndulated 
r hydro- 

or. amm. 
lolutions. 
I in the 
I. in hy- 
m after 

in acids 

lot from 
addition 
the acid 
sulphate 

n chlor. 
s potash 
oiling. 

ixcess of 
is added 

n'pitated 
fficultly 



e delicate 



Oxalic, white, insol. in chlor. amm. : after 
ignition effervesces with acids. Sulphate 
of calcium gives the precip. 

Baeemic, white, insol. in chlor. amm. Sul- 
phate of calcium gives the precip. after a 
time. 

Hydroflaorie, gelatinous: with strong sul- 
phuric acid the precip. evolves hydrofluoric 
acid, which corrodes glass. 

Solphoric, white : not from dilute solutions : 
completely on addition of alcohol. 



Fhosphorie, white, crystalline, sol. in all 
acids : forms slowly in dilute solutions. 

Arsexiio, the same. The acidulated solution 
is precip. by hydrosulph acid. 

Tartaric, white, forms slowly: only from 
concent, solutions* The precip. blackens 
on iguition*^ 



Separation of Oxalic, Tartaric, Citric, and Malic Acids. 



Add chloride of calcium and lime-water to alkaline reaction. 



Precipitate. 
Oxalate, Tartrate of calcium. 



Digest with cold potash. 



Residue. 



Oxalate of calc. 
Insol. in acetic acid 
or chloride of cop- 
per • sol. in hy- 
drochL acid. 



Filtrate. 



Tartrate of calc. 
Precipitated gelati- 
nous on boiling the 
alkaline solution, re- 
dissolved on cooling. 



Filtrate. 
Citrate, Malate of calcium. 



Heat to boiling. 



Precipitate. 



Citrate of calc. 
SoL in chloride of 
copper. 



Filtrate. 



Malate of calc 
Precipitated by addi- 
tion of alcohol after 
evaporation. 



Table XI. 



XI. Behaviour of the most important acids 



Sesquiohloride of Iron 



Gives a precipitate. 



Gives a coloration. 



Erom a neutrdi 



a. In presence of free hy&rochl. acid, 

Perroeyanides, deep-blue : the precip. is de- 
composed by potash into ferric hydrate and 
ferrocyanide of potassium. 

b. In a solution which is neutral, or con- 
tains free acetic acid (obtained by adding 
acetate of sodium to the hydrochl. acid 
solution). 

PlLOsplioric, yellowish-white : insoluble in 
acetic acid, soL in hydrochL acid or ferric 
acetate. 

Anenie, the same : acid solution precip. by 
hydrosulph. acid. 

Tannie, black-blue. The original solution 
is precip. by gelatine. 



c. In a neutral solution only, 

Borio, yellowish : its hydrochL acid solution 
colours turmeric-paper brown. 

Bexuoic, light-brown : hydrochl. acid gives 
a white crystalline precip. in the original 
concent solution. 



Suodnic, the same. The concent solution of 
the ammonium-salt (obtained by digesting 
the ferric salt in ammonia), is precip. by 
chloride of barium, in presence of alcohol 
and free ammonia (distinction fr. benzoic.) 



a. In presence of free hydrochl. add, 

Ferric3ranides, brown. Ferrous salts 
give deep-blue precip. 

Snlpliooyanic, blood-red : destroyed 
by chloride of mercury, not by 
hydrochL acid. 

b. In neutral solutions only. 

(The colour is destroyed by hydrochL 
acid.) 

Acetic, red-brown. The original 
compound, heated with sulphuric 
acid and alcohol, forms acetic 
ether. 

Formic, the same. The original 
compound reduces silver- and mer- 
curic salts, with evolution of car- 
bonic anhyd. 

Snlpliaroas, the same. The colour 
disappears on boiling, without a 
precip. The original compound 
evolves sulphurous anhyd. when 
treated with hydrochl. acid. 

Meconic, blood-red; not changed by 
chloride of gold. 

Oallio, black. The original solution 
is not precip. by gelatine. 



The precip. is 9d.i 

M 

Phosphorie, yslbt, 
molybdate (^OMu 

Arsenie, led-bcon 
low. Original aad 
by hydrosalph. m 

Ghromie, red. Ik 
or red solation kc 
sulphurona add. 

Ozalie, white: im 
The calciam-olt ; 
acetic add. 

Borio, white : toU 
green alcohol-flaw 

Tartaric, white: • 
duced on boiling. 

Citric, white. 

Silicic, ydlowyfina 

All these predpM 
monia. Fyro- aid 
adds are predpi. fA 
after addition of aeM 
by albumen. A m 
an acetate i» pnri 
silver, crystalline. 

Salpharoua and h 
white precips., m^ 
duce metallic silm 



B. Examination for adds in compounds which are insol. in water or adds. — The nature of 

Tables I. II. and IX. Inorganic compounds (those which do not blacken when heated) are decompsK 

sodium, and extracting the fused mass with water : the aqueous solution contains the adds, and is neutali 

tite heavy metaU may be decomposed by digestion in sulphide of ammonium, alkaline-earthy sulphates hj 

treated with mtric acid or aqua-regia, form sulphuric acid. Insoluble salts of organic adds are dcMii 

ammonia : the Sltrate containa the alkaline salt of tVie acid, wi^i. ift eixKEDMi^Vs t^Wvft%^,«i^'Xl« 



with reagents in the wet way (continued). 



Examination for Acids, 



Nitrate of Silver precipitates 



Bolution only. 



-in dilute nitric 
^. 

r. Confirm with 
ionium. 

Arsenions, yel- 
d solution precip. 
Id. 

B original yellow 
coloured green by 

ol. in acetic add. 
3S also insoL in 

ble in acetic add: 

e. 

■letallic silver re- 



• concent solution. 

mre soluble in am- 
i metaphosphoric 
ftite : the latter, 
ftic acid, is predp. 
iicent solution of 
lip. by nitrate of 

formio acids give 
d on heating re- 



From an acid solution also. 



The precip. is insoL in dilute nitric acid 

Hydroohloric, white, curdy, soL in ammo- 
nia, or hyposulphite sod. 

Hydrobromlc, the same ; less sol. in am- 
monia. The original solution colours ether 
yellow on addition of chlorine-water. 

Hydriodio, yellow; scarcely sol. in ammonia. 
Original solution gives blue colour with 
starch and nitrous fiunes. 

Iodic, white ; soL in ammonia, whence sul- 
phurous acid, precips. iodide of silver. 
Original solution, in presence of an iodide, 
gives blue colour with starch and acetic 
acid. 

IHydrocyanic, white, curdy; sol. in ammonia, 
hyposulphite sod., and cyanide potass. 
Original solution gives Prussian blue with 
ferroso-ferric salts, potash, and hydrochL 
acid. 

FerrooyaxiideB, white ; insol. in ammonia. 
Original solution gives dark-blue precip. 
with ferric salts. 

Perricyanides, red-brown. Original solution 
gives dark-blue precip. with ferrous salts. 

Sulpliocyanic, white; difficultly sol. in 
ammonia. Original solution is coloured 
red by ferric chloride. 

Hydrosnlphiirio, black ; insoL in ammonia : 
lead and copper-salts give black precip. 
Alkaline sulphides give purple colour with 
nitroprusside of sodium. 



Indigo-solution is deco- 
lorised by 



a. Without addition of an acid. 

Free Chlorine and Bromine : all 
the ozygen-aoidB of chlorine (iree), 
and metallic hypochlorites: free 
nitric add, if not too dilute. 

Also alkaline sulphides and caus- 
tic alkalis. 

b. On addition of an acid (hydrochl, 

or sulphuric) and Jieating, 

Chlorates, converted into chlorides 
by ignition. 

Nitrates, brown colour with ferrous 
sulphate and sulphuric acid. 

lodates, the dry salt gives violet 
fumes with ferrous sulphate and 
sulphuric acid. 

Bromates, give red bromme-vapours 
with sulphuric acid. 

c. Evolve chlorine {and so bleach 
indigo) when heated with con- 
centrated hydrochL acid. 

All the foregoing compounds : also 

Chromates. 

Selenates. 

Tellnrates. 

Manganates and Permanganates. 

All Peroxides. 



the compound, and the acids probably present, are ascertained by a preliminary examination by 
ed by fusing them, finely powdered, with four tiroes their weight of pure carbonates of potassium and 
ised with hydrochl, nitric, or acetic acid, and examined by Tables X. and XI. Insoluble compounds of 
boiling with a concent, solution of carbonate of sodium : the filtrate contains the acid. Sulphides, when 
Uposed by boiling with an alkaline carbonate ; ferric salts of yQ\a.\ai<& ^T\gKcw\^ -waS^Xs^ ^ssss&sss^.-^^&w 



Table ILII. 

XII. Behaviour of na 

Natural silicates behave very variously, when finely powdered and treated with mineral acids. Som 
majority separate silica in the gelatinous form : others (wiiich are generally decomposed with greate 
when evaporated, deposits gelatinous silica. Some {e.g, most zeolites) are less readily acted on by 
which acts most generally on silicates is sulphuric acid: but hydrochloric acid is the most conveniei 
resist the action of acids are decomposed by fusion with 3 — 4 pts. carbonates of potassium and sodiun 

The minerals marl 



Decomposed by acids. 



I 



(a.) Completely sol. in dilute 
acids. 

Allophane. 
Collyrite. 
Z. Oismondine; Eeagonite. 
Kielhauite ; yttrotitanite. 

{,0.) S^arafe gelatinous 
silica, 

Z. Aedelforsite. 

Allanite ; orthite ; cerin. 
Z. Analcime. 
Z. Apophyllite. 

Barsowite. 
s« Biotite ; uniaxial or magnesia- 
mica. 
Bismuth-blende ; eulytine. 

Cancrinite; davine. 
Cerite. 
Z. Chabasite ; levyne. 
Chamoisite. 
Chondrodite. 
Cronstedtite. 

Datolite ; botryolite. 
Diaptase. 

Eudialite. 

Gadolinite (bef. ig.) 
Galmei ; willemite. 
Gehlenite. 
Z. Gmelinite ; sarcolite ; hydro- 
lite. 



s. Halloysite; lenzinite; tuesite. 
Ha'uyDe ; laswntein ; noaean, 
Helvine, 
^ HeuUndtite. 



Hisingerite ; thraulite. 
Humboldtilite ; melilite. 

Z. Ittnerite. 

Knebelite. 

Z. Laumonite. 

Lievrite ; ilvaite. 

Meerschaum. 
Meionite. 
Z. Mesotype; mesole; mesolite; 

natrolite; poonahlite; scole- 

zite. 

Nepheline ; elaeolite. 
Nontronite. 

Z. Okenite ; dysklasite. 
s. Olivine; chrysolite; peridot; 
hyalosiderite. 

Z. Pectolite. 

Z. Potash-harmotome ; phiUip- 
site. 

Schrotterite. 
Z. Sideroschisolite. 

Sodalite. 

Spadaite. 
Z. Stilbite ; desmine. 

Tcheflfkinite. 
Z. Thomsonite ; comptonite. 
Thorite. 

Wolchonskoite. 
Wollastonite ; table-spar. 

(c.) Gelatinise after ignition, 

Axinite. 

Epidot ; pistazite ; zoisite. 
Garnet ; pyrope. 
Idocrase ; \e&uv\BXi. 



Lepidolite. 
Z. Prehnite. 
8. Tourmaline. 

(d.) Separate pulveruU 
silica. 

Amphodelite. 

Anorthite. 

Antigorite (flocculent). 

Z. Baryta-harmotome ; < 
stone. 

Chonicrite ; vermiculite 
Chrysocolla. 

s. Damourite (pearly scale 

Z. Epistilbite (bef. ig.) 

Lepidomelan (pearly sc 
Leucite. 

Pennine. 
Pinguite. 
Pollux. 
Pyrosklerite. 

Ryacolite. 

(e.) Separate silica in o, 
the above forms. 

hot s. Agalmatolite. 
Anthosiderite. 

Z. Brewsterite. 

s. Chlorite ; ripidolite. 
Clintonite. 

Z. Faujasite. 

liabradorite. 

Margarite. 



Silicate Analyses. 

tes to acids. 

irtially decomposed : while others resist the action of acids altogether. Of the former class, the 
ate it in the form of a powder: a few are completely soluble in dilute acids, and the solution, 
m : others, which resist acids before ignition, are decomposed by acids after ignition. The acid 
lication (p. 53). In this table, s. signifies sulphuric, and n. nitric, acid. — Those silicates which 
if alkaline silicates, by carbonate or hydrate of barium : or by hydrofluoric acid (p. 54). 
eolite family. 



mite. 

ain-spar. 

^llite. 

ilore. 

nalite. 

lite; wemerite; dipyre. 

ir-spar. 

itine. 

one. 

e ; titanite. 

lite. 

ute. 

erite. 



riially decomposed. 



;hite. 
fuller's earth. 

;rite ; dichroite ; iolite. 

tonite. 

)phane. 



;hin. 

>lite ; clinkstone, 
hyllite. 

nralite. 
omelan. 

v-earth. 



'eijr imperfectly , 



Not decomposed by acids. 



Albite ; soda-felspar. 
Andalusite ; chiastolite. 
Augite ; diallage ; diopside ; 
hypersthene. 

Beryl; davidsonite. 

Castor. 

Chloritoid ; chlorite-spar. 

Couseranite. 

Cyanite ; disthene ; buchol- 

site. 
Cymophane ; chrysoberyl. 

Emerald. 
Euclase. 

Fahlunite ; triclasite. 
Felspar ; orthoclase. 

Gedrite. 
Green-earth. 

Hornblende ; anthophyllite ; 
asbestos ; grammatite ; tre- 
molite ; uralite. 

Hypochlorite j green-iron- 
stone. 



Jeffersonite. 

Kaolin. 
Karpholite. 

Oligoclase ; sodarspodumen. 

Paragon ite ; mica-slate. 

Pericline ; potash-albite. 

Petalite. 

Phenakite. 

Finite. 

Pitchstone ; obsidian ; pumice. 

Potash-mica (biaxial). 

Saussurite. 

* Siilimanite. 
Spodumen ; triphane. 

* Staurolite. 

Talc ; speckstein. 
Topaz ; pycnite ; pyrophy- 
salite. 

Wichtyn ; wichtysite. 
Worthiie. 

* Zircon ; hyacinth. 



* Are decomposed with difScnlty by Auion with alkaline carbonates, or by 
hydrofluoric acid (p. 54% 



% 
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